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ABSTRACT : PROBLEM TO BE SOLVED: To prevent rotary control from being hindered, even when 
the position of a rotor of a brushless motor can not be detected, by changing over current 
application. 

SOLUTION: An induced voltage generated in the armature winding of a brushless motor 4 
is compared with a reference voltage, and the current of an armature winding is changed 
over. A control circuit 1 1 measures and stores the time ta of position detection of a rotor 
4a, calculates the time TA of position detection interval by the stored position detection 
time ta and the preceding position detection time tb, forecasts the cunrent application 
changeover time tk after the position detection time, from the position detection time and 
the time of position detection interval, and forecasts the position detection time taa after 
the time tk. When the position detection of a rotor 4a is not present until a specified time 
has passed in reference to the forecast current application changeover time tk after the 
current application of the armature winding is changed over at the forecast current 
application changeover time, the current application is changed over after the specified 
time has passed. The forecast time taa is regarded as the time when the position 
detection has been performed, and stored. The same processing is performed afterwards. 
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mi\S^l^^y&M.r^.lii^^M ( t a) *itB#L, j^^oIE 

tti^iz, mE^Lfc&mmmmm ( t a > t5± 

rS (TA) irMiUL. mmSMiUmA {ta)tiXT/ 

immtammcomm (ta) izx oi«iCigi^.mB#iij ( t 

a ) f^<?)aimWOS^B#^J ( t k ) Sri^UL. A^Of^i^ 
;l)L7->jl«-t}]0§i.B*S'l ( t k ) f^£0f4a^aiB#I'I ( t 

k) TmiSMM^MMWM<^Mm'3:W*:)Wti>—yf. m 

Mif^mLtiiiLmmttimm ( t a a ) ^B?riaeai^.ttj;i^"^) 
-:./iB#s<ii: t-cie'i^-s> i 'J iz Ltz z t t:nm-th 

Bl^ai ^S^PtC L T 15 KT"^ ^: - ^' SO^^^^H 

mrieilIlK^<7MiiS^miOB#M ( t a) SrltB^L, 55>ofe 
■Iff b t i>(3. Kie'liL7t:{ia^^aiB#^iJ ( t a ) J: 
Z/m\sicoia.mmtiif^m ( t b ) {c J: OfuI^iUra^PiiOBt 

la ( T A ) ^r^aj miiiLmmti!,mm (ta) axx/ 

mMmmmmcomm (ta) (cj; ^jmuLmmtamm ( t 
a ) m(r>mmm'owt^m ( t k ) *ri^aijL, 3t?^ois-i^ 

S!Jt/cffl«<3J0#i.f^M ( t k ) f*co{iai^:tt5B^M ( t 
aa) Sr^iBlL, mnS^iffl|L3ta««J0#tl^^J ( t 

k) T-Me«^^^*««»iiiO3i«^W0#;ci>-:^, M 

mmmom-i'imnj'mLtimmm^tmM ( t k > 
LTiuie{iai^ai^iioB§s (TA) ohjtjesij 

mtkiUmm ( t a a ) 2rMI£{iiai^ai*^'S>-:)/ci^Mi:l. 

^mmmmtmmmEt iimLxntzipmrniiitmiz 



m-^tt iC. IMSML7t:{2ffi1^:tB8§M ( t a ) ^ii 
l.^'Bif[£ltfOGffit^tiJ8#^J ( t. b ) C J; 9 (iat^:aif5]llc7)B# 

PaT (TA) ^aajL. Buisiaai^tbB^i'j ( t a ) a^ij^ 
^ws¥.\m'm<r>v^^ ( TA ) i-i oisieai^iUB#^j ( t 

a ) f*^oiim^;?]•)#iB#t'J ( t k ) SrT^ilJL . i^j^oIIt" 

•mLtimmm*:)mz.mm < t k ) f^i^oeai^^tijB^^j ( t 

a a ) ^i^iPJlL , fluiei^iML>tiimi3]';§'tB#M ( t 

k) x'minmFmmmm.cr>mnz:m'o^th-'-}j . m 

^j:i,hiv9 L^- 1. -^mrm^^m.{zf^m^h mu 
x{;Zmtmm.i-(r>{tLm.m.\i!,ti^t£^^t § {zi,mm^mTii\k 
•eilm^r^3J0#;t, j&>OHine^iiL^^(as:^aj^^j (t 

[0 00 1 3 

y'>uy.=t-:s^tii.-t) (TiEim^mmsizi^*) . mzm 
x^-^cr,mm:f3mzm-t?> i^cox-hh. 

[0 00 2] 

m^=f-<r>^w^m\^-t^^fkt LXTi-^-)i'm=F^mm^ 

mm^cOiS.mz:miiiL . Z(7)iiLmmii!,^i>HzLxry 

-t. mx.ifm6^z^^-tmm'^m.z:iZ^mt^^. 
[ 0 0 0 3 ] laetciiv^T , zcr>mmmmi±. ^mmm 
( Sffl 1 0 0 V ) 1 * mms&m.^mms% 2 xmms& 

V. w. X. Y, z^yv y'Ji^mLtz^ y^<-i^ms^ 

3XX^ •y'}-y:fLXE.^(7)yyi^UX^—94<7)mi^ 

'iFmmizipimth, =sri3, mmE.m^iW-mm^2tmiz 

2omms<^^^&mEE:mmms.z:^t£) r. s. t 

^immm^sizxtiLXii'o . z<r)m.m.miiim5im 

^«ffiR, S. Tcomffij«^^^$r9 OJEfi[ffiil^>-ti:, 
^mit LX ^^MHV ntitm LTfiaeSitSfl-^ A , 

B. ci:mmms^ i-?^ ^o^yt'a.-^) eiziii:h-t 
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jmiiL V n *f#^ fzib<7)ig.mmSi 5 c > , HUie 9 0 jgte 
-[00 0 5] ryi^UX^-:?' 4z:m)}. mmMmi. 

ffi^tBft-tA, B. c^i:jy\.zix^wm-mm.crim^ 

B3ir>x-^ -y'J-y^^mT ( hy yi^'::(.:$^ ) u. V. w, 

[ 0 0 0 6 ] ^rij , me c^fj; o (c, wiimmmmi: 
[0007] msm^comm^mcom^^mi cr>'$' ^ a 

m.cr>^=f-WS.K. S, TSr9 0Sfii1SS/lt L, CtOfi 
ffiaixiomJE ( d ) ^v^L ( f ) \.z^-t) 1 
,^[«fii V n i; *• Jtte L , -5-03c,*T'^Yt-f S ajfi 
-f- (|5l0 (g) sSri^L ( i ) tc^S-T) A. B. cs-ffi:^j 

[00 08] *ijfflijiifig6ii{iaMajfi-^A. b, c<7)^ 
w ^y^f'zri^tlzvx-^ y^^—^f^KStT^^hyy'jji. 

^u, V. w, X, Y. zc7)mm^m^^7)K>wt?>^ 
fi-f- (07 (J ) ^v%L (o) t^i") s-^-r.?., 

[00 0 9] ^-igWfi-^fcJ: •3#h7:^i^'X:S'U. V, 

w. X. Y. zmm^ti?>fctf>. yyi^ux^~:?4 
^^iz^i-^mmMrrim.m-ti>.t:o izmm^^-A 
[00 10] tfz. mmm^6itmmm^(7)miz, 

■TsL—^^it i^y^ :tyit) cD^s •y^y^rm'^^m 

3(7y±T—M,<7)hyyz^X:!'U, V, W<7)|ElJfi-^<7)^ 

y^-^^^s yt'^i^'^S (07 ( j ) ^l^L ( 1 ) {c 
^■^) . TT—M.CDhyyi^y.f'X, Y, Z^f- 

[00 11] c:<7)J:5lc. egftiajfi-f-A. B. ctca 

i^^X=^—Sf 4 a:H»r^lIIIs!gct=*<JfflI-r4 C: i:**T-§ S , 
[00 12] 

[ LXoh^hmm^ tzhx\miiyy'^ 
\--7.^-'5'<r>mm:nmt<zt5xi.i. m^mn^ b sr^i^^x 



[0013] i-r. m.m^mmi.zm^^tii>w±m^z 
im^wmi^-i^tfim&Lxii*-) . n^m% 
^ yi.-;? ) 5 ^<^'^^^±.^ixh±x<7)mmsLi.zn^^yEm. 

mMt^^Xtt>:v^^ Lfziy^-^X. L/'-IE^ 

mi,zyyi^\^7.=t—?A<r)mwiicr>^i\nzx -ox^tti. 
?>m'^izj: 0. iiit{9 ommixi,zmMi!)^±t. -^mm 

[00 14] ifz. nitm^5hmi:'£.'mt-^^ztf}^ 
t'oLXhaxhT-yTiz^j:i,t3'r^< . 

Mz X 0 < . x^—x S- i: i. 1 1 ■> -9 Jt X 

[001 5] ^J^tC. «^^®f&5 b2riiLTf#^9 0S 
^TJ>?) 7'7 l- X^—^ 4 (JDHItelS 

^*?^^fc^(c:J:-:)TIS^c7)9o^a^i;><ftigf^i,^, -:> 

i 0 7' ^ >- X ^: - rJ' 4 COitl?^ 2- g;*: t -r S 0 # 

[0016] «^^[sl«&5 b^Mv^-rtc, lUteT^ 

Zir>it^e^^^yyi^-ux^—:?A<nwm^U (-^-f ^ 

izi^'^xmnLxmmm^mx.'S^^ ^y^^m.^-th. 
[0017] ^wmzmm-t^ t . mtmizmm^mu 
coiQ^w±i^m iimmzm^) tm^ns. (vdc/ 

2) t^it^LX%fzm.SMittim-^-i'?^i^x3ziy\^^ 

—^i>zX:h-t6^ Zco~7^ :!'uay}^^—^timMWK) 

:^3os) iznm-t^^m^mizmm=7^^<7)mmt: 

[00 18] COioC. «^[lI»S5b^fsgfflLT9 0 

ssh-foaa^tufi-f- ( 9 o^x'comm^^^mz.^^ s. 

y^') Sr^#^<^t^i^L. W^iaK5bS-j^fflL35:u:^r^ 

( 7-' ^ ^i':^f {± . tmms. t ^ms. t i^3< 
[0019] L*^L, .K^x-f i^'^s'/i^i^c^*!^. mm 

mztcr,^A) iz:b^i}^K>. immta^-fyhir'^&zt 

^^X'^Kci^Zti)^3b^. 

[0020] Zer>X 0 iZ. XJ^-{ ^mSkifiimmUi^i 
y h iz^-i}^ 0 , 4 a <7){iLmmtiii}n'^ =5r< =3rS 

yyi^)^x^-^4cr,mmmmtz^^5f^t. Bt 
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[002 11 zcrMmimtimmizm^^j:^iu-zi>coT 

1^ai31lnSrffi^-r -S. Cl t ^ J: 5 (c Lf> r 7 >- U X 
^ - ^ artreW"^^ w t (c^) ^ . 

[00 2 2] 

IWMi m^-t h ti^C7)^B ] mil @ B^J ^EJt-r ^ J^w*^ 

^-oieii^i.^tLic, fIIS'ltL/:i{iiS^.tllB#^'l 
( t a ) iii:h<mmcr>&M.m^m\ ( t b ) (cj; O^S 

( t a ) J;T/f5ai^aiPa11^i7)ii#|3 ( t A ) J: 0 IbKS 
a^aj^^J < t a ) fScOii«W0#iB#M ( t k ) Sr^ 
iRJL, *»-^^^i!JL/^3imflJ0#;cB#S'J ( t k ) f^ioe 

s^aj^^j ( t a a ) *i^iiiL . mti^MLfzmm'^K) 
mtnm ( t k ) TtiiiE«iST^ttm?Tti7)ffl«:*rt"j]o# 

w^^j ( t k ) ^mmt Ltzmmm^mT&^x'izmnmnii 

#,t, ;e)^OmlfET^illL/iiaai^ajB*^J ( t a a ) *:buK 

[0023] c:iOj|Hj<7)7'7i^i^;^^:-^<JO^Jfl):^a 
<i. mriei3e^i7){jiMl^tBi7)B#^J ( t a ) rl+B#L. 
olE'S-ri. i: i: t>(c, tMe'lf.L^^Ciai^tiJB§^il ( t a ) 

}ij:x/mm<niiLwmiiimm ( t b ) cj: oeaeiaj^ps 

iOB#ra (TA) *r»tBL. mrisea^^ai^^J ( t a ) i> 
j;t^'{wai^ajPBiiaoB#ra (ta) <,zx*)n&m.mtiimm 

( t a ) f^c7)ii^^i9#;iB#^l ( t k ) sri^iHL, 
i^T^jl!lL/::a^flJO#i.l^^J ( t k ) fScr>(iiai^ajB#^J 

( t a a ) ^^mt. mtif-mLtzmmmmtrnm 

( t k ) T'fifemffi-?#«S«i^oMm2r-fc:i]'9#;t^— 
( t k ) t-CHulE{iai^ttiPQlIlcOB#ig ( T A > 

copmm-^<^^mm7&tTizmm^^^<otiLm.miii*^^j: 

ML5tCVa^aiB#^J ( t a a ) ^ml5fiiaitaj*^''5r*^-:> 
[0024] ;i<^mMir)y'yi^h':^^=t-:f<7)%m:ff^ 

ti, Hirieiiis&^ioias^ajco^^j < t a ) *rtnj#t. 

olSlBf S h t IC, i^eit LT^cfiiS^tUB*^! ( t a ) 



!73B§ra (TA) ^ntai. mimm.r^.tii^M < t a > i> 
it^'casi^tti^ii^i^PaT ( T A ) izj: om&mmtamM 

( t a ) fl:;o3imWD^;co#^iJ ( t k ) i^mi , 

iST^ffl!it 7t;iimwo#/:B§a'j ( t k ) m<7^iiLm.mihmm 

(taa) ^T-illL, Hyie^;lJL/::jl^tTjO#;tB#t<I 

( t k ) x-mi^Mm^mm.'9.M<r)mmim'owt^^- 
■jj. mmmm ':)mtm-mim^^izn i-x m^-^m t m 

mMtx'izm^m^(7){iLmmiiii}i^^^t § izimmM 

( t a a ) imimM.iktiii]'^h-ofzmmbWklXm 
1Mi-^^ol,zLtzZtiWmt L-Ci^^. 
[002 5] 

l^v>Llll52r#BlLTpL.<|jeBfl-r^. ^-fe. Hi 
4", H 6 i: |5l— gp^fc Xt/m ^-th^^^izlim—i^^i 

iivxmmmm7:'sm^?> . 

[0 026] iai(-i5V>T, Zcoryi-l^x^—^coM 

n^^iTji^^ma ( tm^mK^-kts ) r , s . t *: 

tlxmm\Bim ^nayt^oL-i?) 1 li^z^^-t 

-5.. ^-fc. isai^aiiiiss 1 oji. iiTmsR. s. t* 
[0027] s«jiJPiii!§ 1 1 , mn.m'omz.^k<7^m^(r>iiL 

m.m^m^(^^i\LMAzX OlHl!K-r4 aoaSSrt^iiJ l, 

flJO^i.:?^ ®:ttJ-r.|) (4-lHl<7)jimW0#;i^ 

[0 028] i/i, Bfiia4'lEl<7)iim^'5W;lB#S'J^?-il!l 

-thttii^z. 4-[nic^a«tD 0 # ifa-cofia^aiB#M*r 
[ 0 0 2 9 ] ^fc, BuiEm^B#rBi{±. iwio{ast^ttii^ii 

:5'<7)lsIKlS-^(-::J: OHIe^ 4 a(::^LT3*[HllKi:^f.2> h 

m (Mmmizm^tiB^^) iz-t^tntLw 
[ 0 0 3 0 1 ^fc, mm^ 1 1 i^meiz^jk-tumm^e 
cr>mMi i@mfmi>Z'£^w^iii(r>^^) ±fzm4 

(d) =5rV%L ( i ) Ic^-T J: ol^r^v-U^^:— ^'4 



QMcnrv^ir*- ^ to ^noOAiOQiA .1 > 
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[003 1 ] mmm^m.cr>mit^m2i6xx/m 

[00 3 2] Z.cr>^, I13i3it/f|14tc^-1-j:dc. 
R, S, T^-^g!tLT*1±.s&€ff (114 ( d ) mU) t 

[ 0 0 3 3 ] -r-i. , mmm% 1 1 {±. mm<fJK>mx.^M: 

ys-^J'lHlif&SOh^^i^Xr^U, V, W. X, Y. ZSr 

;$'4£7)}^[lIlKiCt:Jot-(:iE»lfi-9-OH)f^E^$-^ 3 <y 
t°>^t- 1.^3 'yfcr>-:rfi-^ijJ:U'H3J©fi-t2rtb:*3-r 

^ (XT--yTSTl ) , 

[ 0 0 3 5 ] . {ig^fficOB^IiJ t a ^rftBt LTI2 

t barBg^JUL (X7^-y7°ST3 ) . B#^iJt a, t bO 

T4) . 

[ 0 0 3 6 ] i!V . iaSl^aiB^I'J t a f^COil«tJ) OS 
;iB#Mtk (114 (d) #53) *:i='iffl-r.|./«:s^tc:, <ia 

XX (0^J;l{±'x=l/2) ^jD^LTiI«WO#;cB#^J 
(<%-(Hl<7)ii«flJ0#;tB#^J) tkSrmmt. ^/cCO^ 

«[a^W'5^;ti^Mt k^cO&S«iai^Mt aa (114 
(d) #sg) ti^jffl-r-S (X-r yrST5) , ^:*>, ^ 

Sli(a«^aiB#^Jt aatCOl^TIi, fi^U {f0i{l«iajB#^ 

t aC{iM^ajraiiSTASriD»LTf#-g.. 

[ 0 0 3 7 J . Mie^iiJL^^iim-BJ'9#;cB#^jt 

kT'iim^W9#;t.S.fv:*^{3. i»#S'|tk&il«4a]0#;i 

[00 383 1;^^. miii'mm.mmKfmtmmtiL'mz 

j k (04 (d) #BS) ^M-tHL (Xx-yrST7) . 
C: cOBt^iJ t j k T'f 1 0 ji^^ 2: :6»*tT El 3 t^^'T-'P- f - > 



mmmmcommr Acommpi-^T a x y > l , ^> i. t 

Jlm^3]0#.tf^Xx-^5'c7)|Hl^^Sm~J; Ol£lte^4 aiC 

k **f?ij;t {fa 2 «?>/1'-^>'£7)SII4tC cfc -g.SIS^ > ^: 
[0039] Lfz^^-yX. {48^***^^ »J*^(ci,jmi] 

tii^L^^^mjzmm.nmzi^m'rhmmx'mmz:^ *) 
im±-t^ztt>-x'$^. 

[0040]^V^T. I*lgi50t j k^^iJ'ar-fc-y hL 
(X7^.yrST9) , 1u^firgt^ajB#^Jt aSrtbtCfi 

S«|;tTiB1i-r-i. ( X^-/TST 1 0 ) . 

-[-0 0 4-l-yhfz-ti^'o X--m 5- (-d ) (2^^-J:-3 (£t i^- - 

mmf}^^ Ltz^-^mwomtmm t k tait- ^ t . 

m^-?^«S[E<?)ii« Sr«J D Si. , L*»-Sm ; <OiiS«J 

[00423 H«ieB#^j t k x'iommwomtm. m.mm. 
iiitfiT^fzb^izim2iziRtfi'-'f-y^nmnL. o 

tr)mmtfzms.i:mom^tK mtmmmKtmm 
MKtco^A (igte-?4 acoea^aiTK-f > h ) a^^^/n- 
^miEk^icKiiz, ifLmmtii*^x'^^\,^zth$>^ 

mmt>mm t j k t=^i--& i: . ei 3 t^^-ryu-f-^^rii 

[0 04 3 3 i-r. t j k7^i5''*^-t y H§iXTV»^*> 
Sj&^S-fiJBfr-ta (;^x>yrsT2 1 ) . zcom-^. m2 
l,Z^r^'tJl—^yt:nm'i7LXK^^j:\^fz»bl,z. tjkyy 
^'■b^^-y h^rLtz±t.X'hhZhti^h . XxyrST2 
l3!>>ii>ST2 2(cit^^i. lO;^tc:am^WO#;i^. 

[ 0 04 4 3 ^i^T- 4-IsH2MI^Jit}*«T-^^*»o/::a#^J 

L7L'{4a^tiJB#^J t a a ( la 5 ( d ) #B3 ) ^ 
^L, HinexT^ y^STl 0lci3V^Tmtc:ieiifCi*^l. 

ffiaeiffiii^^j t b ^ t b +TA ( '^'mi^tz^mm\mm 

taa : 135 <d) T'ta+TA) {.zm^msLh {Xy- 
•yrST2 3) , t-^-;b*>. i^a!lLfvr{4aitaj<0<*:fO{a 

(Jii«)'5:ii«^00#x.l^r^|iOS[ai«ia) SrHtft-^^i^ 

x'hh. 

[00453 ^LT, ;:^T- yrST2 20amtJ]'9#l 

z<r>^^<r>^m {immmmt x : 05 { d ) #Bg) 
r^#■ri^^iL (x^^-yrsTi > , lUTisiatHfrsBL/v: 
E12 (c^-T/p— ^>-s-igff-r-i> . 

[00463 wOJ; 0 ^4^1^al*^X>^M ^Cffik^ 
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[ 0 0 4 7 ] (l^-e«E*:-t-t^ ) s:^^ 

v-h^i.mnmfS.'x.smit'thztifX'^ . m^x 

[0048] 

i?6ih-r -1. w i; ifx-^ . ^mMimz^u^^-t i. 0 

[00493 mm^2<r)^mzx h b . aa«^ajA«^< 
[0050] mmMscomm^zx^^t. eB^aj*«=2r< 



[(12 ] HI (~^-r7"9S/l'X^-.i?'^.fJiJP^SiOSIj(^ 
[03 ] HI ^2ij^-^7•■7i'•^^x^-^<rJ^||J^^pgM^':)S!)^^ 

[(14 ] 0 1 (C^f 7'5^l' X^-^iOil){JP^S5Dtl)f^ 

[(15 ] 01 lc^^7"9M'X^-^c7)$iJiJpgSir)BJjft 

[06] ^m<^y'7i^iyy>=t-:!^(Dmm^m(oimmy 
[ 0 7 ] 0 6 iz9jk-ry ^i^]^x^-i^ cr,mmmmcom{'^ 

1 ^ifMM 

3 >f >VN'-:?|1ISS 

4 r^^'U:^^:— ^ (■ty-«?-U':;<.il:5£r7i^U'X^— 

^) 

4 a lajte^ (r7 5^^:^^-:5'4i?)) 

6. 11 MffllHISS (v^^oa>'hfi-:5' ) 

1 0 {iLm.mti!,m% 
1 4 mmmi 
D (isi^ttsfi^ 

R. S, T «m^^<^3^?-«ffi 
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